Type 1 von Willebrand disease (VWD) is the most common inherited human bleeding disorder. However, diagnosis is complicated by incomplete penetrance and variable expressivity, as well as wide variation in von Willebrand factor (VWF) levels among the normal population. Previous work has exploited the highly variable plasma VWF levels among inbred strains of mice to identify 2 major regulators, Mvwf1 and Mvwf2 (modifier of VWF).
Introduction
von Willebrand factor (VWF) is a central component of hemostasis, serving as the adhesive link between platelets and the injured blood vessel wall, as well as the carrier for factor VIII. Deficiencies in VWF result in von Willebrand disease (VWD), the most common inherited bleeding disorder in humans. Elevated VWF levels may also be an important risk factor for thrombosis, both through a direct role in platelet adhesion, 1 as well as indirectly by causing elevated levels of factor VIII. [2] [3] [4] Diagnosis of VWD is elusive in many cases because of its variable expressivity and incomplete penetrance 5 and the nonspecific nature of bleeding symptoms. 6 VWF plasma protein levels also display a broad distribution in the normal human population. Thus, it is often difficult to determine whether a person has VWD and is at risk for pathologic hemorrhage or simply has VWF levels in the low range of normal.
Levels of plasma VWF have been shown to be largely determined by genetic factors, with estimates of heritability in humans ranging from 25% to 32% by pedigree analysis, 7, 8 to 66% to 75% in twin studies. 9, 10 ABO blood group is responsible for one-third of the genetic variability in VWF plasma levels. 11 However, the loci responsible for the remaining two-thirds of this genetic component are unknown. Recent evidence from European and Canadian cooperative studies on type 1 VWD have found that disease diagnosis does not segregate with VWF genotype in approximately 50% of families, supporting the existence of additional genetic factors. [12] [13] [14] [15] [16] Laboratory mice display wide variation in VWF levels with 65% heritability in a cross between the strains A/J and CASA/RkJ, 17 strikingly similar to the estimates for humans derived from twin studies. 9, 10 This variability among inbred mouse strains has been used to identify genetic loci modifying VWF levels, including Mvwf1 (modifier of Vwf), a mouse glycosyltransferase (B4galnt2) that alters clearance of VWF. 18 A similar mechanism probably explains the modification of human VWF levels by ABO blood group and some cases of type 1 VWD. 19, 20 A natural variant of the murine Vwf gene has also been identified (Mvwf2). 17 We now report a backcross between 2 additional inbred mouse strains, WSB/EiJ (WSB) and C57BL/6J (B6), with relatively high and low levels of plasma VWF, respectively. Genetic analysis identified 3 significant loci regulating VWF levels. The first is a novel cis-regulatory allele of Vwf, whereas the others map to novel loci on chromosomes 5 and 10.
Methods

Mouse strains and bleeding
Mice were purchased from The Jackson Laboratory. Each individual mouse was bled on 3 separate occasions, at least 1 week apart. Bleeds were performed after isoflurane-induced anesthesia by retro-orbital technique on alternating eyes from week to week, removing approximately 75 L whole blood with each bleed into heparinized capillary tubes (Thermo Fisher Scientific). For the strain survey, 3 females of each strain were bled between 4 and 8 weeks of age. Further analysis of the C57BL/6J (B6) and WSB/EiJ (WSB) strains were as follows: 2 each of WSB males and females, 3 males and 4 females of B6, and 4 males and 5 females of (B6 ϫ WSB) F1 mice were bled between 3 and 8 weeks of age. For the backcross study, WSB males were crossed to B6 females to generate F1 progeny. Both male and female F1s were backcrossed to B6 to produce the N2 generation. Two hundred seven N2 mice were also bled in the same manner described above, with the first bleed at weaning, the second between 3.5 and 6.5 weeks, and the third from 5 to 8.5 weeks. The mice were then exsanguinated by cardiac puncture after pentobarbital-induced anesthesia, and blood was collected into 0.5M EDTA pH 8.0 at a dilution of 1:40. Organs were harvested for genomic DNA preparation. Mice were housed in microisolator cages, and all procedures were approved by and performed according to the University of Michigan's Committee on Use and Care of Animals guidelines.
VWF plasma protein quantitation and analysis
Platelet-poor plasma was isolated from whole blood by centrifugation at 2000g and stored at Ϫ70°C before analysis. VWF levels were quantitated by enzyme-linked immunosorbent assay (ELISA) essentially as previously described. 17 A pool of male and female adult B6 plasma (age, 6-8 weeks) was used to generate a standard curve, and a mean VWF level was calculated for each mouse from the 3 retro-orbital bleeds. Because of age and sex differences between the standard pool and experimental groups, the B6 parental strain levels are slightly higher than the value of 10 that was arbitrarily assigned to the standard. Analysis of variance was performed on natural log-transformed VWF values to assess the ELISA assay variance (variation in replicate measurements on the same plasma sample), environmental variance (variation among replicate measurements taken on the same animal), genetic variance (variation among animals), and total backcross population variance. Heritability was estimated by comparing genetic variance with total backcross population variance after correcting for assay variance. Assay variance was determined to be approximately 2% of total variance.
Genotyping
Genomic DNA was isolated from liver by digestion in buffer containing 0.1 mg/mL proteinase K, 0.1M Tris (pH 8.0), 0.2M NaCl, 0.2% SDS, and 5mM EDTA at 55°C overnight, followed by phenol/chloroform extraction, isopropanol precipitation, washing with 70% ethanol, and resuspension in 10mM Tris-Cl, pH 8.0. Genotyping on DNA from 200 mice was performed by the Mammalian Genotyping Service of the National Heart, Lung, and Blood Institute. Seven mice with VWF levels in the middle of the population were removed from the 207 N2 progeny, and 157 simple sequence length polymorphisms (SSLPs) were examined across the genome. At the University of Michigan standard genotyping was performed by polymerase chain reaction (PCR) and agarose gel electrophoresis as described 17 to type an additional 28 SSLPs and 4 single nucleotide polymorphisms (SNPs) on all 207 N2 mice, 33 SSLPs selectively applied to mice with the 5% highest and lowest VWF levels, and 7 SSLPs on the entire N2 population excluding the 5% highest and lowest VWF groups. All map positions are noted in millions of base pairs (Mbp), obtained from NCBI (National Center for Biotechnology Information) Build 37 of the mouse genome, unless otherwise noted.
Genome scan analysis and QTL identification
A genome scan was performed by standard interval mapping 21 with the natural log of the mean VWF level (averaged across the 3 plasma samples) as a quantitative trait and sex as an additive covariate. LOD (logarithm of odds) scores were obtained as the log-10 likelihood ratio comparing a model with a single QTL (quantitative trait locus) to a model with no QTLs. Because the effect size of the QTL on chromosome 6 was so strong, 2 additional genome scan analyses were also performed with the marker D6Mit366 included as either an additive or interactive covariate, keeping the sex adjustment in both cases. The choice of D6Mit366 was arbitrary because D6Mit329 and D6Mit366 are both at the peak of the chromosome 6 QTL and only 1 Mbp apart. Significance thresholds were obtained by permutation testing, whereby the genome scan analysis was repeated 50 000 times on the autosomes and 1 000 000 times on the X chromosome, 22 randomly shuffling phenotypes while keeping genotypes fixed. 23 The LOD scores for genomewide significance at levels ␣ equal 0.01 (highly significant), 0.05 (significant), and 0.25 (suggestive) were taken as quantiles of the corresponding permutation distributions, partitioning the type I error rate across the autosomes and the X chromosome, according to the method of Broman et al. 22 Note that sample sizes in analyses of the X chromosome were reduced from 207 to 78 individuals, because analysis was restricted to individuals from crosses for which the X chromosome was segregating. 22 Finally, 95% confidence intervals were obtained as 96.5% Bayes credible intervals. 24, 25 Data management and genome scan analyses were performed with the use of R 26 and the R/qtl package. 27 Allele-specific primer extension analysis Three male and 3 female 9-week-old (B6 ϫ WSB) F1 mice were anesthetized with isoflurane and pentobarbital and humanely killed. Lungs were dissected and immediately frozen in liquid nitrogen, and total mRNA was isolated with Trizol (Invitrogen). mRNA was treated with DNAse I (Invitrogen) and subjected to reverse transcription (RT)-PCR with SuperScript One-Step (Invitrogen) with the use of Vwf internal exon 7 primers 5Ј-GGGAGCAATGCCAGCTACT-3Ј and 5Ј-GGCACTGTGGTCAGTC-CAG-3Ј, at 50°C for 30 minutes, 94°C for 2 minutes, 35 cycles of 94°C for 30 seconds, 56°C for 30 seconds, 72°C for 1 minute, concluding with 72°C for 10 minutes. Relative allele-specific mRNA accumulation was determined using a primer extension assay with fluorescently labeled primers as previously described, 17,28 using a standard curve composed of B6 and WSB genomic DNA quantitated with PicoGreen (Invitrogen) and mixed in various ratios. The RT-PCR product was treated with ExoSAP-IT (US Biochemical Corp) to remove free nucleotides and primers. Primer extension was carried out with Thermo Sequenase (US Biochemical Corp), a 6-FAM-labeled primer (5Ј-TGGATCCCGAGTCCTTTGTGGCTC-3Ј) and a mixture of nucleotides containing ddCTP and run at 94°C for 2 minutes, 30 cycles of 94°C for 30 seconds, 65°C for 30 seconds, 72°C for 1 minute, resulting in differentially sized products because of a T/C SNP ϩ758 bp from the A of the initiation methionine of Vwf. Products were diluted 1:13 in Hi-Di formamide (Applied Biosystems), separated on an Applied Biosystems 3730XL DNA Analyzer at the University of Michigan Sequencing Core, and quantitated with GeneMarker 1.51 (SoftGenetics LLC). The standards were fit to a line resulting in an R 2 value of 0.996, calculated by linear regression with Microsoft Excel 2003 (Microsoft Corporation).
Calculation of Vwf locus contribution to plasma VWF levels in the N2 population
The following calculation was used to assess the relative contribution of the Vwf locus to the level of plasma VWF. The N2 population was subdivided into 2 groups based on genotype at a G/T SNP in exon 5 of Vwf (ϩ365 base pairs from the A of the initiation methionine) that produces an XhoI restriction fragment polymorphism that cuts WSB, but not B6 (amplified with the primers 5Ј-GGCAAGAGAATGAGCCTGTC-3Ј and 5Ј-TGAAT-CACAGAATCAATGGACTA-3Ј), and the average VWF level was calculated for the resulting B6:B6 and B6:WSB groups. Any minor modifier loci would be expected to be evenly divided among these 2 groups by Mendelian inheritance; therefore, their effects on plasma VWF levels should be evenly distributed.
Results
VWF plasma levels in WSB/EiJ mice are 3.5-fold higher than C57BL/6J VWF levels were quantitated by ELISA on plasma obtained from 6 laboratory inbred strains as well as the wild-derived inbred strain WSB. VWF plasma protein levels were determined as the average of data from 3 separate retro-orbital bleeds, done at least 1 week apart. WSB exhibited the highest plasma VWF, with levels 3.5-fold greater than most of the common inbred strains, including B6 (Figure 1) . Two 129/Sv substrains tested each displayed intermediate levels of VWF, which were 2-fold greater than B6.
(B6 ؋ WSB) N2 progeny display a wide range of VWF levels B6 was chosen to cross with WSB because it has been used as a standard strain in many previous hemostasis and other disease models, and it is also the reference strain for the mouse genome. 29, 30 Importantly, neither B6 nor WSB contain allelic variants associated with the previously reported modifier loci Mvwf1 and Mwf2. 17, 31 (B6 ϫ WSB) F1 plasma VWF levels were intermediate between the 2 parental strains but closer to WSB (Figure 2) . Therefore, an outcross/backcross approach with B6 as the backcross parent was chosen. Plasma VWF levels were determined on 207 N2 progeny generated from a (B6 ϫ WSB) F1 backcross to B6 (Figure 2 ). The observed levels in N2 animals encompassed the entire phenotypic range, extending to the pure parental strains and peaking just below the level of F1 mice. Heritability of VWF levels in the (B6 ϫ WSB) N2 population was determined to be approximately 71%. There was also a statistically significant difference in population averages among bleeds (population averages: bleed 1, 24.5; bleed 2, 18.2; bleed 3, 16.4; P Ͻ .001).
Genotyping of N2 backcross progeny identifies 3 major QTLs for VWF plasma levels
Two hundred N2 progeny were genotyped with 189 markers spaced across the genome. Additional markers were used in several subsets of mice (see "Genotyping"). Standard interval mapping at 1-centimorgan (cM) intervals using the R/qtl package 27 was performed on the natural log-transformed mean VWF levels for the N2 population with adjustment for sex. Three QTLs were identified with significant linkage to VWF levels, with peak markers at D6Mit329 (Mvwf5), D10Mit269 (Mvwf6), and D5Mit66 (Mvwf7) and LOD scores of 11.65, 3.72, and 3.22, respectively ( Figure 3A ; Table 1 ).
To detect additional minor QTLs masked by the extremely strong effect of the chromosome 6 locus, the data were reanalyzed with the marker D6Mit366 (115.2 Mbp) as an additive or interactive covariate. The results were very similar to the initial analysis, without significant changes in the statistical significance of the LOD scores for Mvwf6 and Mvwf7 (Figure 3B-C) . No additional loci, including the known modifier loci B4galnt2 (Mvwf1), Mvwf3-4, 32 and the human ABO blood group ortholog, Abo (chromosomes 11, 4, 13, and 2, respectively), surpassed the 0.05 significance threshold in any of these analyses (as determined by permutation testing).
Examination of candidate genes in the peak of the Mvwf5 QTL showed that the Vwf gene itself is located in this region. (B6 ϫ WSB) N2 mice that were BW (B6:WSB) at both the D6Mit329 and D6Mit339 markers (114.0 and 136.3 Mbp, respectively, flanking the Vwf locus) were backcrossed to B6 to the N4 and N5 generations, with selection for heterozygosity at both markers. VWF levels were measured as described above on mice that were BB (B6:B6, non-BW littermates derived during backcrossing) or BW at both markers (Figure 4 inset ). There was a statistically significant increase in VWF levels in the BW mice (19.6 vs 14.6 in BB mice), confirming that Mvwf5 is a true QTL and narrowing the candidate region to 11.6 cM, which includes Vwf (Figure 4 ).
Strain-specific differences at the Vwf locus alter steady state Vwf mRNA levels
Sequencing of the WSB Vwf cDNA followed by comparison to published B6 sequence revealed 9 nonsynonymous SNPs, all localized to the VWF propeptide (Table 2) . Eighteen synonymous SNPs were discovered, with a large block devoid of any variation at the 3Ј end (Table 2 ). This represents a greater level of divergence between B6 and WSB, 2 strains that are thought to be primarily mus musculus domesticus in origin, versus A/J and CASA/RkJ (the strains used to identify Mvwf2-4), which are mus musculus domesticus and mus musculus castaneus, respectively. 17 To evaluate potential cis-regulatory differences in mRNA expression or stability, lung mRNA was isolated from (B6 ϫ WSB) F1 mice and subjected to RT-PCR for Vwf mRNA, followed by primer extension analysis that distinguishes the B6 and WSB alleles because of an exonic SNP ( Figure 5A) . A similar approach has been successful in distinguishing expression from maternal and paternal alleles in cases of human VWD. 33 Quantitation showed that 38.7% (Ϯ 0.6%) of transcripts were derived from the B6 allele and 61.3% from the WSB locus ( Figure 5B) .
Subdivision of the N2 population into 2 groups based on genotype at Vwf (see "Methods") resulted in an average VWF level of 18.5 in the B6:B6 group and 22.7 in the B6:WSB group. The B6:B6 group represents the contribution of 2 B6 alleles of Vwf (or 9.25 per B6 allele), whereas B6:WSB represents 1 B6 and 1 WSB allele (or 22.7 Ϫ 9.25 ϭ 13.45 for WSB). Thus, the B6 allele contributes 41% of plasma VWF in B6:WSB heterozygotes (9.25/22.7), versus 59% for the WSB allele (13.45/22.7). The results of these calculations are indistinguishable from the mRNA data determined by primer extension (38.7% B6 and 61.3% WSB; P Ͼ .6 by 2 analysis with the plasma values as the expected values). Therefore, we conclude that the Vwf locus contribution to VWF plasma protein levels in the B6xWSB N2 population can be fully explained by differential mRNA accumulation from the 2 alleles. Additional minor contributions from the Vwf gene to the difference in plasma VWF levels between these strains, such as biosynthesis or clearance resulting from the nonsynonymous SNPs, cannot be completely excluded but are probably small.
Mvwf6 overlaps with human VWF QTL
The 96.5% Bayes credible intervals were constructed for Mvwf6 and Mvwf7 (Figure 6 ), as previously described. 25 Human orthologous regions were determined from comparative orthology maps 34 and aligned to potential VWF modifier regions identified in human populations. Souto et al (from the Genetic Analysis of Idiopathic Thrombophilia or GAIT study) 35 analyzed VWF levels as a quantitative trait in a group of 21 Spanish families and found potential linkage to several regions unlinked to the human VWF locus. The linkage identified in the GAIT study included 22q11.1, which displays orthology to Mvwf6 (Figure 6 ). Similar comparisons to linkage data from a large Amish pedigree phenotyped by ristocetin cofactor activity 36 reveal orthology for Mvwf6 with human loci at 12q12 and 21q22.3 ( Figure 6 ).
Discussion
Previous analyses of laboratory strains of mice have identified both major and minor loci regulating VWF levels. 17, 18, 32 We now report a second strong Vwf variant associated with regulation of VWF plasma protein levels, as well as 2 additional minor loci that are unlinked to the Vwf locus. Using 2 previously unexamined strains, we found the heritability of VWF plasma levels to be 71%, similar to the value of 65% found in an (A/J ϫ CASA/RkJ) F2 population 17 and also similar to estimates of VWF level heritability in human populations. 9, 10 The (B6 ϫ WSB) N2 population displayed a statistically significant decrease in VWF levels over time, falling by 49% from weaning (3 weeks) to adulthood (5-8.5 weeks). This may parallel the pattern in humans, in which plasma VWF at birth decreases by 43% to near adult levels by 6 months of age. 37 In contrast, the (A/J ϫ CASA/RkJ) F2 population 17 did not show a similar age-dependent decrease in VWF. These data show strain-specific differences in the regulation of VWF levels over time in mice and raise the possibility of similar factors in humans. Standard interval mapping was performed on natural log-transformed mean VWF levels from the B6 ϫ WSB N2 population at 1-cM intervals by using the R/qtl package with adjustment for sex. P values represent the genomewide significance of LOD scores as determined by permutation testing.
QTL indicates quantitative trait locus; VWF, von Willebrand factor; and LOD, logarithm of odds.
Mvwf5 is a natural mouse allele altering plasma VWF because of a cis-regulatory mutation in the Vwf gene itself. This is the second example of a natural variant Vwf allele among inbred strains of mice, as Mvwf2 is due to a VWF gene-coding mutation. 17 The relative elevation in steady-state levels of Vwf mRNA derived from the WSB Mvwf5 allele could be due to an alteration in transcriptional regulation, splicing, or mRNA stability, mechanisms identified in many common human genetic disorders, such as the thalassemias. 38 Although most human type 1 VWD mutations identified to date affect protein function, transport, secretion, or clearance, this probably represents an ascertainment bias because most studies only examine exons, exon/intron junctions, and the proximal promoter and would miss more distant regulatory sequence changes. Consistent with this hypothesis, comprehensive exon sequencing in patients with type 1 VWD has identified mutations in only 67% of persons. 12, 16, 39, 40 Of those with identified mutations, 7% altered splice sites and 11% were localized to the promoter. Although not tested directly, both classes of mutation would be expected to alter allelic expression at the mRNA level, as shown here for murine Mvwf5. In addition, a subset of the larger class of exonic mutations could also potentially affect mRNA levels through alterations in mRNA stability. Distant regulatory mutations not covered in the human sequence analysis performed to date could also affect mRNA expression, potentially accounting for a significant percentage of the above patients for whom no mutations were identified. Recent data suggest that long-range effects of distant regulatory elements could be particularly important for VWF gene expression. [41] [42] [43] Thus, a significant contribution from the large quantity of VWF intergenic and intronic sequences remains to be explored.
The presence of SNPs within the murine Vwf mRNA sequence permitted the dissection of relative mRNA expression from each Vwf allele in this and a previous study. 17 An analogous approach has been used for peripheral blood platelet VWF mRNA in humans. 33 Future studies applying similar RNA SNP analysis to human patients could potentially define novel subgroups of type 1 VWD.
Our findings, taken together with previous work, 17,18,32 provide genetic analysis of 5 mouse strains in 3 different crosses and has identified 2 independent, naturally occurring Vwf gene mutations leading to altered plasma VWF levels. These data suggest that the equivalent of type 1 VWD is remarkably common in mice, as well as in humans. Reports of VWD in horse, cat, pig, rabbit, and dog 5, 44 suggest that a high prevalence . VWF levels in congenic mice. VWF plasma levels were determined. B6 represents C57BL/6J mice purchased from The Jackson Laboratory (n ϭ 7). Mvwf5 BW mice were backcrossed to B6 to the N4 or N5 generation, and VWF levels on littermates that were BB (n ϭ 18) or BW (n ϭ 11) at both D6Mit329 and D6Mit339 were determined (see inset; numbers indicate centimorgan [cM] distances between markers and Vwf indicates the XhoI restriction fragment polymorphism described in "Methods"). *The difference between these 2 groups is statistically significant (P Ͻ .001 by t test). **The difference between these 2 groups is statistically significant (P Ͻ .004 by t test). There was no significant difference between the B6 and BB groups (P Ͼ .1 by t test). Error bars represent SD. C  T  T103M   365  Propeptide  G  T  R122L   516  Propeptide  T  C  -596  Propeptide  G  A  R199Q   600  Propeptide  T  C  -758  Propeptide  T  C  I253T   767  Propeptide  C  T  T256M   774  Propeptide  T  C  -1110  Propeptide  T  C  -1236  Propeptide  T  C  -1404  Propeptide  T  C  -1581  Propeptide  C  T  -1678  Propeptide  T  C  S560P   1754  Propeptide  C  A  A585E   1833  Propeptide  T  C  -1852  Propeptide  A  G  S618G   1965  Propeptide  C  T  -2231  Propeptide  T  C  L744P   2373  DЈ  G  A  -2487  DЈ  C  T  -2493  DЈ  T  C  -2502  DЈ  A  G  -2583  DЈ  T  C  -3969  A1  T  C  -4311  A1  T  C  -7148  B3  T  C  -8390  CK  C  T  - mRNA was isolated from WSB lung and reverse transcribed, and polymerase chain reaction was performed to isolate fragments of Vwf for sequencing. B6 sequence was obtained from NCBI Build 37 of the mouse genome. VWF domains were deduced by comparison to the human amino acid sequence.
-indicates there is no amino acid change caused by a SNP.
of Vwf gene mutations may be common among all mammalian species. These observations, together with the highly variable levels of plasma VWF in humans 45 and mice (Lemmerhirt et al 17 and Johnsen et al 31 ; Figure 1 ), might be explained by common selective pressures, potentially including interactions with infectious pathogens. Consistent with this hypothesis, analysis of B4galnt2 (Mvwf1) in wild mouse populations suggests that this locus is under selective pressure. 46 These observations also suggest that the genetic regulation of plasma VWF in the inbred laboratory mouse is complex and probably involves a large number of genes. The corresponding picture in the outbred human population is probably more complex and even more difficult to approach experimentally. The orthologous region of Mvwf6 overlaps with a significant VWF QTL identified in the GAIT study, 35 as well as regions identified as potential human VWD modifiers in a large Amish pedigree. 36 These human loci are distinct from those showing potential conservation of synteny with Mvwf3 and Mvwf4. 32 Figure 5 . Allele-specific expression analysis of Vwf in (B6 ؋ WSB) F1 mice. Adult lung cDNA was prepared from F1 mice (n ϭ 3 males and 3 females). Polymerase chain reaction was performed with exonic primers flanking a T/C SNP, followed by primer extension with a fluorescently labeled primer and dATP, dGTP, dTTP, and ddCTP, which results in differentially sized products in each strain (A). Fluorescent primer extension products were separated, quantitated, and compared with genomic standards (B). B6 and WSB genomic DNA were mixed in various proportions to produce the standard curve. Results are expressed as a percentage of B6 transcripts from total transcripts. Linear regression was performed with Microsoft Excel. Figure 6 . Mvwf QTL 96.5% Bayes credible intervals. Chromosomes are represented as vertical bars, and ticks represent markers used in mapping. To the left of each chromosome is the 96.5% Bayes credible interval constructed as described. 25 To the right of chromosome 10 are the regions with human homology of synteny to significant regions identified in human studies 22q11.1, 35 21q22.3, and 12q12. 36 JS1415 is a marker derived from a B6/WSB T/G SNP downstream from the Vwf gene (128.3 Mbp) that produces an MspI restriction fragment polymorphism.
